Using these results, we appropriately explain why pressure-condition can achieve higher T c compared with the optimal T c under ambient pressure in YBa 2 Cu 3 O 6+x . As an implication of these results, finally, we have discussed that the change in disorder could make it easier for YBa 2 Cu 3 O 6+x to undergo a transition to the nematic order under an external magnetic field.
I. INTRODUCTION
Since high-temperature superconductivity (HTSC) in La-based cuprate was discovered in 1986, 1 cuprates have been a significant focus on HTSC research activities aiming for further improvement in T c . [2] [3] [4] [5] The highest reported T c at ambient pressure is 134 K in Hgbased cuprate. 6 Meantime, the current record-setting T c at 203 K in the sulfur-hydride system was recently reported under high-pressure application. 7 Indeed, pressure-induced T c changes have also been reported in many cuprates. [8] [9] [10] [11] [12] For example, the Hg-based cuprate, HgBa 2 Ca 2 Cu 3 O 8+δ , shows T c increase up to 164 K at 31 GPa. 9 In YBa 2 Cu 4 O 8 (T c = 80 K at ambient pressure), T c increases up to 108 K at 10 GPa. 10 Therefore, concurrent with efforts that survey a large number of materials in varying compositions, applying high-pressure to the superconducting materials has emerged as a promising approach that can efficiently improve superconductivity. Nevertheless, 'why does T c change upon compression?' is an essential and fundamental question that still needs to be addressed.
Archetypal Y-based cuprate, YBa 2 Cu 3 O 6+x , has been the active subject of many high-pressure HTSC investigations in both experiments [11] [12] [13] [14] [15] [16] [17] [18] and theories, 14, [19] [20] [21] [22] [23] aiming to address this question. This is in part due to YBa 2 Cu 3 O 6+x being widely appreciated as one of the cleanest cuprates. [24] [25] [26] Figure 1 (a) represents the T c behavior for YBa 2 Cu 3 O 6+x
without and with high-pressure (P = 0 and P > 0, respectively). [11] [12] [13] [14] [15] [16] [17] 27 The T c is increased up to the optimal doping (where p ~ 0.165, x ~ 0.91) upon compression. Above the optimal doping range, compression reduces the T c . According to the previous reports, 13, 14, 27 such T c change has been mainly attributed to the change in bonding lengths along the c-axis, in particular, the distance between the Cu-O chain layer and CuO 2 plane [ Fig.   1 17 However, there is a lack of evidence to prove this proposal. As a result, we are still in early stages of understanding the underlying mechanism(s) for the pressure-induced T c changes.
In this work, we performed x-ray scattering measurements on an under-doped 
II. EXPERIMENTAL DETAILS

III. X-RAY SCATTERING RESULTS AND DISCUSSION
In YBa 2 Cu 3 O 6+x , structural properties such as OO and CDW have been widely appreciated as important ingredients for understanding its superconductivity. As a first step, we investigated these properties at ambient pressure in YBCO using the Cu L 3 -edge RSXS. In the ideal ortho-III structure in YBCO, two fully filled (F) Cu-O chains and an oxygen-empty (E) Cu-line along the crystalline b-axis in the Cu-O chain layer show a periodic formation along the a-axis:
, resulting in OO with the wavevector q = 1/3. 31, 40 In this YBCO, we observed an OO peak at Q OO = (-0.33, 0, l) under 300 K and P = 0 GPa [ Fig. 1(c) ]. Since CDW is also considered as an additional driving mechanism for understanding the T c improvement under compression, 17 we investigated CDW order in this YBCO. observations are consistent with previous reports. 31, 34 Note that the same CDW order in this doped YBCO was reported in hard x-ray scattering study under ambient pressure. 32 To explore the change in YBCO properties under high-pressure, hard x-ray diffraction measurement with 30 keV photon energy was performed on the same crystal. Under HP condition, the change in orthorhombicity brings our attention to exploring the OO of YBCO. This is because, as shown in Fig. 1(b) , the orthorhombic structure of YBCO is directly correlated with the Cu-O chain layer that has the intrinsic anisotropy (chain) feature. For this reason, we explored the OO in YBCO to investigatewhether it could be related to the increase in orthorhombicity under HP. Figure 3(a) shows the OO patterns at Q OO = (3-q, 0, l) at 1.0 and 5.8 GPa at room temperature. Note that the entire patterns are shown in Fig. 1(a) . Due to the intrinsic quasi 2-dimensional feature of OO, 40 the l-value is rather insensitive to observe OO. Relatively, the intensity of the OO peak (i.e., peak height) gets stronger at P = 5.8 GPa, while a change of the 8 peak-width (i.e., correlation length) along either the h or k-direction is not obvious. For better statistics, we analyzed more OO peaks within our detectable windows, which are summarized in Fig. 3(b) . Under HP condition, we could find the clear enhancement of Note that aiming for avoiding unrealistic cases (e.g., no-OO (i.e., 100 % randomness) or ideal ortho-III structure), the OO patterns between 75 % and 25 % randomness have been Second, the intrinsic reason can be that the suppressed CDW is due to HP effect.
Unfortunately, at this moment, we cannot distinguish them clearly. However, considering the recent inelastic x-ray scattering result, 47 the suppression of CDW at even lower pressure is likely intrinsic. In addition, our OO results support this behavior seems to be intrinsic. Since the fact that the modified structural disorder in the Cu-O layer (i.e., oxygen rearrangement) affects the charge distribution (i.e., charge-density potential) in the CuO 2 plane, the quenched disorder in the CuO 2 plane, which originates from the charge potential of defects, 37 Fig. 6(b) ) compared to ambient pressure YBCO (state-I). On the other hand, the oxygen redistribution in the Cu-O layer under high-pressure suppresses the disorder-pinned CDW fluctuating portion. Therefore, we infer that a pressure condition causes to decrease the disorder strength (σ) 37, 39, 48 in the CuO 2 plane, which is reasonably proportional to or dominated by the quantity of the structural disorders in Cu-O chain layer. 36, 49 Ultimately, the energy cost for developing the nematic order at the state-II (E II , i.e. H-field strength) 12 can be smaller than that at the state-I (E I ), 39 which is well supported by our findings (i.e., σ II < σ I and Λ II < Λ I ).
IV. SUMMARY
In summary, we present the detailed study of structural disorder in YBCO using x-ray scattering under high-pressure. We observed the enhanced oxygen order under arrows denote total-pressure and magnetic field effects, respectively. Note that state-I and state-II denote the ambient and compressed YBCO state, respectively.
